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454a Tuesday, February 18, 2014magnitude larger than isometric force development in vivo. The difference is
mainly accounted for by the compliance of the trap (7 nm/pN), which implies
that to develop the steady force the motor ensemble drives 350 nm of actin
filament sliding. Supported by Italian Institute of Technology-SEED, project
MYOMAC (Genova).
2292-Plat
Large-Scale Modulation of Titin Elasticity by S-Glutathionylation of
Cryptic Cysteines
Jorge Alegre-Cebollada1, Pallav Kosuri1, David Giganti1, Edward Eckels1,
Jaime Andre´s Rivas-Pardo1, Nazha Hamdani2, Wolfgang A. Linke2,
Julio M. Ferna´ndez1.
1Columbia University, New York, NY, USA, 2Ruhr University, Bochum,
Germany.
The giant elastic protein titin is a determinant factor in how much blood fills
the left ventricle during diastole, and thus in the etiology of heart disease. Ti-
tin has been identified as a target of S-glutathionylation, an end product of the
nitric oxide signaling cascade that increases cardiac muscle elasticity. Howev-
er, it is unknown whether S-glutathionylation regulates the elasticity of titin
and cardiac tissue. Here, we use homology modeling techniques to show
that most immunoglobulin (Ig) domains in the elastic I-band of titin contain
cryptic cysteines, which are potential targets of S-glutathionylation triggered
by physiological mechanical protein unfolding in the heart. We choose I91 as
a representative Ig domain of titin to investigate the effects of S-glutathiony-
lation in the elasticity of the protein. Using single-molecule force-clamp spec-
troscopy, we demonstrate that mechanical unfolding of I91 exposes two
buried cysteine residues, which then can be S-glutathionylated by oxidized
glutathione in the solution. S-glutathionylation of cryptic cysteines greatly de-
creases the mechanical stability of I91, which unfolds at a rate two orders of
magnitude faster following S-glutathionylation. In addition, S-glutathionyla-
tion severely compromises the ability of I91 to fold. Both effects, which
are fully reversed by the enzyme glutaredoxin, soften the I91 domain.
When extrapolated to all the Ig domains in the I-band, our observations pre-
dict that S-glutathionylation can trigger a highly extensible state of titin.
Indeed, we show that S-glutathionylation of cryptic cysteines in titin mediates
mechano-chemical modulation of the elasticity of human cardiomyocytes.
Monte Carlo simulations illustrate that large-scale regulation of the elasticity
of titin through posttranslational modification of cryptic cysteines can be
achieved on time scales of minutes to hours. We propose that posttranslational
modification of cryptic residues is a general mechanism to regulate tissue
elasticity.
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Osmotic compression of skinned fibers from rabbit psoas muscle with 5%
Dextran T-500, to recover the in vivo interfilament spacing, increases the
Caþþ sensitivity of force without altering maximum force (Godt and
Maughan, Pflugers Arch 391:334, 1981). We investigated the structural basis
of this effect using X-ray diffraction at beam-line ID02 (ESRF, Grenoble,
France). Bundles of 3-5 fibers were activated isometrically at different pCa
by a temperature jump from 1C to 12C. In relaxed fibers at 12C, addition
of 5% Dextran induced (i) a three-fold increase in the intensity of the first
myosin layer line, (ii) a four-fold increase in the intensity of the so-called
forbidden reflections, and (iii) 0.5% reduction in the spacings of all the
myosin-based meridional reflections. Thus osmotic compression to restore
the in vivo interfilament spacing induces recovery of the thick filament struc-
ture observed in resting intact muscle, in particular the systematic axial pertur-
bation of the three layers of myosin heads within the 43-nm repeat attributed to
the presence of links between thick and thin filaments mediated by Myosin
Binding Protein-C (MyBP-C). The [Caþþ]-dependence of active force and
the intensity of M3 reflection from the axial periodicity of the myosin heads
had a pCa50 of 6.39 in the presence of 5% Dextran, 0.4 pCa units larger
than in its absence. These results indicate that the increase in interfilament
spacing in skinned fibers impairs the signalling pathway involved in normal
Ca-activation of the contractile apparatus, probably by causing the loss of
MyBP-C links to the thin filaments.
Supported by FIRB-Futuro in Ricerca and MIUR-PRIN (Italy), MRC (UK).2294-Plat
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Muscle Z-discs were originally thought to have the purely mechanical function
of transmitting contractile force along myofibrils, connecting thin filaments in
adjacent sarcomeres through Z-bridges composed principally of a-actinin.
However, the Z-disc is now known to be considerably more complex, with
~40 different proteins, some of which are transient. Other Z-disc functions
identified include stress sensing into signalling pathways involving muscle
growth, remodelling and degradation. Z-discs vary widely in different muscles,
including differences in thickness and symmetry. Electron microscope trans-
verse sections of vertebrate muscle show Z-discs with tetragonal symmetry,
but with two appearances, called small-square and basketweave, with the bas-
ketweave lattice 10% smaller. The relative proportions of these states can be
modulated by several factors affecting the state of the muscle, but the signifi-
cance of this transition is not known. Invertebrate Z-discs have hexagonal sym-
metry and have been most studied in insect flight muscle. The structure of the
Z-disc is known only in outline, to ~7 nm resolution, whereas ~2 nm resolution
is required to recognise protein shapes and accurately dock crystal structures.
Isolated Z-discs are potentially useful for EM studies because they are naturally
thin and do not have to be cut into thin sections, which causes damage and loss
of resolution. Reports of methods to prepare and purify Z-discs date back 50
years, but such preparations have not been examined by cryo-EM or tomogra-
phy, which may improve resolution. Isolated Z-discs may also be valuable for
composition studies, perhaps including genetic modification. We have obtained
preliminary cryo-EM data from honeybee flight muscle Z-discs prepared by
high salt treatment of myofibrils.
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Tropomyosin (Tm) is a key factor in the molecular mechanisms that regulate
the binding of myosin motors to actin filaments (F-Actins) in most eukaryotic
cells. This regulation is achieved by the azimuthal repositioning of Tm along
the actin (Ac):Tm:troponin (Tn) thin filament to block or expose myosin bind-
ing sites on Ac. In striated muscle, including involuntary cardiac muscle, Tm
regulates muscle contraction by coupling Ca2þ binding to Tn with myosin bind-
ing to the thin filament. In smooth muscle, the switch is the posttranslational
modification of the myosin. Tm can occupy the blocked, closed, or open posi-
tion on Ac, depending on the activation state of Tn and the binding state of
myosin. Using native cryogenic 3DEM (three-dimensional electron micro-
scopy), we have directly resolved and visualized cardiac and gizzard muscle
Tm on filamentous Ac in the position that corresponds to the closed state.
From the 8-A˚-resolution structure of the reconstituted Ac:Tm filament formed
with gizzard-derived Tm, we discuss two possible mechanisms for the transi-
tion from the closed to the open state and describe the role Tm plays in blocking
myosin tight binding in the closed-state position.
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Gene silencing by microRNAs controls the expression of large number of pro-
teins. While many of the players of this process have been identified, their regu-
lation is just beginning to be understood. One of the key players in RNA
silencing is C3PO (Component 3 Promoter of RNA-induced silencing com-
plex). C3PO hydrolyzes one of the strands of small duplex RNA leaving the
other strand to bind to its mRNA target where it is subsequently degraded.
C3PO is an asymmetric octamer containing six subunits of the RNA binding
protein translin, and two subunits of the nuclease TRAX (translin-associated
factor X). We have recently found that phospholipase C-beta (PLCb), a key
player in transducing extracellular signals through G proteins, binds to
TRAX in solution and in cultured cells. TRAX competes with G proteins for
PLCb binding and in cells, over-production of TRAX quenches calcium signals
